Chinese agriculture is facing an aging workforce which could negatively impact the industry. In this context, research is needed on how work preferences and age of farmers affect agricultural output. This paper attempts to investigate these factors to more fully understand the impact of an aging agricultural labor population on agricultural production. The results show that, in this context of aging, changes in the working-age households have a significant impact on agricultural output. Despite the fact that the impacts of intention to abandon land management were not significant, we can ignore this preference in the workforce. The combination of changes in the composition of the working-age households indicates that 58.53 percent of the agricultural producers will likely quit. This is a potential threat for the future of agricultural development. We also found that elderly farmers who do not intend to abandon farming had higher agricultural output compared to other farmers. This indicates that the adverse effects of changes in the agricultural population age result more from the agricultural output of older farmers who intend to give up farming. This intention adversely affected other elements and reduced investment. Therefore, various forms of training should increase efforts to cultivate modern professional farmers and policies should be simultaneously developed to increase agricultural production levels.
Introduction
Aging agricultural labor forces are the trend in many parts of the world including China. Both the second national agricultural census and preliminary research have shown that Chinese agriculture is facing an aging workforce; the share of older population in the total labour force reaches 32.5%. In this context, people are increasingly worried about how the aging of the agricultural labor force will affect the output of agricultural land and whether aging agricultural producers will continue to engage in agricultural production [1] . There is a substantial body of scholarly literature on aging agricultural labor forces. Tang and MacLeod suggested that older workers are, on average, less productive than younger workers and that labor force aging has a modest negative direct impact on productivity growth in Canada [2] . The research of Li and Zhao showed that the agricultural labor force in Liaoning Province of China exhibited an "aging" phenomenon and that agricultural labor "aging" is not conducive to the overall development of agricultural production [3] . In particular, Siliverstovs et al. found that an increase in aging exerts a statistically significant adverse effect on the employment shares in agriculture, manufacturing, construction, and mining and quarrying industries [4] . Yang et al. have studied the impact of agricultural labor force age on agricultural land use efficiency in regions with different levels of economic development, and their conclusion was that the households with primarily young labors have lower land use efficiency than the households where the labor is mainly done by older individuals [5] . Woodsong found that in Jamaica, where agriculture occupies an important place in the life course of many elders, the rural concentration of elders may have negative consequences for agricultural production [6] . Zhang et al. found, surprisingly, that the household proportion of males among agricultural laborers did not significantly influence the occurrence of land abandonment at the parcel level, probably due to the male agricultural laborers being overwhelmingly old (average age greater than 56 years) [7] . These scholars believe that the aging of the existing agricultural labor force has an impact on agricultural production. However, a study by Hu and Zhong using rural fixed observation point data to quantify the planting decisions and investment levels of elderly farmers and young farmers concluded that rural aging at this stage does not have a negative impact on China's grain production [8] . Another study by these two authors concluded that crops with less collective decision making and a lower degree of mechanization experience a greater impact from aging [9] . In previous studies, the potential spatial spillover effect of transportation infrastructure on economic output in the US agricultural sector has not been properly taken into account given the sector's importance in the economy and dependence on transportation. The results of Tong and other researchers suggest that road disbursement in a given state has positive direct effects on its agricultural output [10] . Based upon the China Health and Nutrition Survey, a multivariate analysis demonstrated that the migration of household members increased the time spent on farm work and domestic work by the remaining elderly and children [11] . Chen et al. showed that the combined effect of rural household population aging and the transfer of rural labor force is a premature aging of the rural population and excessive reduction in the primary sector employees which will affect industry growth [12] . He hypothesizes that the aging agricultural labor force has a negative impact on effective use of land resources, food security agricultural modernization, the reproduction of agricultural emotions, and the rural grass-roots support system [13] . The research of L. Li and Y. Li reached a similar conclusion [14] . Today, the European Union is consequently faced with a dual problem: the scarcity of new and young farmers and the rapid aging of the farmer population. Given the context of an aging agricultural labor force, the future of the farmers' profession must be ensured. Manton examined sociodemographic and health conditions in Brazil, Russia, India, and China and the potential effects of population and labor force aging on economic growth [15] .
Few studies explicitly look at how farmer preferences (give up farmland or not) affect agricultural output. Research in this area has mainly focused on macroscopic factors, including agricultural subsidies, agricultural production prices, food prices, and industrial management [16] [17] [18] . Clark et al. hypothesize that industrial changes such as a decline in the proportion of the labor force employed in agriculture will lower the proportion of older persons in the labor force [19] . Given the background of aging labor forces, it is necessary to conduct research on the impact of an aging agricultural labor population on farmland output as this is related to the sustainable development of agriculture and food security issues in China. Roberts conjectured that village-based networks are important in channeling migrants into particular occupations and destinations, undermining the notion of a "blind" migration from rural areas to coastal cities during China's rapid economic transition [20] . D' Antoni et al. found that, from 1939 to 2007, increased direct government payments resulted in greater migration of labor from agriculture [21] . As Goletti and Chabot report, more research is called for on input and output market efficiency, private sector development, the effects of reform on farmers, sequencing issues, comparative advantage, water management, land tenure, and farm size [22] . From 1939 to 2007, increased direct government payments resulted in greater migration of labor from agriculture [23] . Government policy appears to have had limited success at sustaining the agricultural labor force.
In summary, the effect of agricultural labor force aging on agricultural production, as well as the influence of farmer preferences on agricultural production, has been rarely considered. This paper attempts to develop an analytical framework to more comprehensively study the agricultural labor force in the context of aging farmers and the impact of farmer preferences. The rest of the paper is organized as follows. In Section 2, this paper attempts to give an theoretical analysis, and Section 3 introduces data and does some analysis, and finally conclusions and discussion are done in Section 4.
Theoretical Analysis
Agricultural production depends on natural conditions, factor input, and the prevailing level of technology. Natural conditions for agricultural production are not controllable, so the analysis of influencing factors of agricultural real estate is concentrated mainly on factor input, technical level, and other indirect factors. The agricultural population aging concerns in this paper are among the indirect factors.
Furthermore, agricultural production requires the joint participation of labor, machinery, fertilizers, pesticides, and land and among elements. Agricultural producers will adjust these elements depending on the conditions of rational expectations and judgment experience. In theory, farmers that expect to continue production in the future will have significantly different factor input compared to farmers who do not intend to continue to engage in agricultural production. Furthermore, agricultural producers of different ages make different choices regarding input elements.
Physical strength is required during the process of agricultural production. For adult producers, there is first an increase in physical strength that culminates in middle age. The decline in physical strength after middle age necessitates a greater investment of labor for the same production activities. However, the experience of older farmers leads to more efficient combinations of input, which makes a unit of labor more effective.
Agricultural production requires not only labor input, but also technological development. On the one hand an aging agricultural production needs technology to compensate for physical deficiency. On the other hand, nonfarm payrolls make the opportunity cost of agricultural labor input large. This may incline them to invest in the use of machinery instead of labor input.
Agricultural knowledge and skills in agriculture, such as production, operation, and management, increase with age. The accumulated knowledge and skills help farmers maximize the efficient use of agricultural input, such as pesticides and fertilizers, as well as labor input.
Land is the basis for agricultural production. Currently, rural land is implemented under the Household Contract Responsibility System, which is a basic land institution in rural China. From the farmers' perspective, a different family will manage different agricultural land area caused by its population. Although many Chinese rural villages stopped farmland adjustments, the agricultural producers can still select planting acreage, and the agricultural producers of different age groups will select modest acreage according to their own conditions. Individual preferences and the overall labor force are employed to analyze the effect of age, but combining the two to analyze the situation of agricultural real estate will yield new insights. We separated the farmers into four categories: old farmers who do not intend to abandon farming (ONA), old farmers who intend to abandon farming (OA), young farmers who intend to give up farming (YA), and young farmers who do not intend to give up farming (YNA). For YA farmers, interest in the agricultural production is not high and incentives to increase output from the agricultural land are not high; plus they lack experience in agricultural production. Thus, YA farmers would be less concerned about agricultural land, and input will be insufficient. For ONA farmers, they lack physical strength, but they are still reluctant to give up agricultural production. Thus, they will try to compensate for their lack of physical strength through additional supplies, and so forth. Thus, ONA farmers desire production input more than other groups and they possess long-term production experience. These factors should lead to higher levels of input and outputs compared to other groups. For YNA, they are willing to engage in agricultural production and usually benefit from family experience as most agriculture is the same as that done traditionally. So they will not reduce the input, and their output can be higher than YA. For OA farmers, their interest to continue in agricultural production is not high, so they do not focus on improving the agricultural land and pursue more short-term benefits. Their advantage lies in the long-term accumulation of experience in agricultural production, input configuration is relatively reasonable, and the output of agricultural land will be relatively moderate.
In addition, based on previous studies, there are also many other factors which can affect farmer input and agricultural output. Farmer's cultural level and skills [24] , the degree of farmland fragmentation [25, 26] , and farmland transfer cases [26] also affect the situation of farmers. In China, farmland transfer usually means that farmland moves from one farmer to another farmer which increases the total farmland of the latter. Therefore, a study from the perspective of farmer preferences needs to examine the impact of the cultural level of farmers and the degree of land fragmentation on agricultural output.
Based on the above analysis, this study uses econometric models to analyze the impact of farmer preferences on agricultural output.
Data and Analysis

Study Area.
This study uses the data from the Jiangsu Provincial Department and was conducted in cooperation with Nanjing Agricultural University, Jiangsu province, rural land issues hundred villages research. The survey involved a total of seven municipal cities in Jiangsu; a total of 1827 questionnaires were collected by a random sampling. And 3 counties are selected in every municipal city which represent various economic development level. We excluded questionnaires that were invalid for purposes of this study. This left 979 household level questionnaires which were used to meet the research needs of this paper (Table 1) .
Jiangsu province is located on the eastern coast of China. with an area of 102,600 km 2 . It accounts for at least 1.06 percent of China's per capita land area in Chinese provinces and autonomous regions. Jiangsu has become the province with the highest level of development as China has entered the "upper-middle" level of developed countries. Different cities in Jiangsu differ in economic development. Generally, the economic development is best in the southern cities, including Nanjing, Zhenjiang, Changzhou, Wuxi, and Suzhou; moderate in the central cities, including Yangzhou, Nantong, and Taizhou; and lowest in northern cities, including Xuzhou, Lianyungang, Suqian, Huai'an, and Yancheng.
Descriptive Analysis
The Basic Characteristics of Household
Age. The age of farmers used herein refers to the average age of the main labor force engaged in agricultural production. A study by Burton supports the reasonableness of this treatment method [27] . Figure 1 shows the age distribution of the main labor force in agricultural production in the northern part of Jiangsu, central Jiangsu, and southern Jiangsu classification.
The total average age was 56.6 years. The average in the area with the highest degree of economic development in the southern region was 54.8 years old, the average in the least developed economies in the north was 55.8 years old, and the average in the central region was 58.6 years old. We conjecture that the economically developed southern portion of Jiangsu attracted workers away from the central region, thereby exacerbating the aging of the rural workforce in the central region. This may help explain why the central region has a higher average farmer age compared to the less economically developed northern region.
We can see from Figure 1 that the phenomenon of an aging agricultural labor force is an objective reality. The peaks were mainly in the 50 to 60 and the 60 to 70 age categories. The agricultural producers in northern and southern Jiangsu have age distribution peaks between 50 and 60 years, but the central region has its peak in the 60 to 70 age category. This also confirms that the agricultural labor force aging in the Jiangsu central region is more serious than the other regions.
Different Types of Farmers in Agricultural Production
Factor Input Feature. To further examine the impact of age on agricultural production, we investigated old farmers who do not intend to abandon farming (ONA), old farmers who intend to abandon farming (OA), young farmers who intend to give up farming (YA), and young farmers who do not intend to give up farming (YNA) to discover potential differences in input and output.
After comparing the different types of farmers in terms of agricultural production and input-output (see Table 2 ), we found that the differences were not great. ONA farmers had the highest operating income in agriculture, in terms of average per mu of view. This may partly reflect greater experience in production but also may indicate additional investment. YA farmers had the lowest operating income; it may be that YA farmers are more inclined to engage in nonagricultural industries and pursuit income from nonagricultural sectors. However, YNA have a much higher total agricultural operating income compared to the other three groups. This is mainly because they have expanded their producing land area, and the proportion of the YNA group reached 41.47% in the whole sample.
From the investment point of view, most of the operating area is attributable to YNA farmers, followed by YA, and relatively little attributable to elderly farmers. This may be due to a physical decline in elderly farmers. ONA farmers had the greatest investment in seeds, fertilizers, and pesticides. This might be to compensate for a decrease in labor input. OA and YNA farmers had comparable values for seed, fertilizer, and pesticide input. However, the total values for OA farmers were far below other groups. YA farmers invested the least amount of labor.
Input and outputs were lower for those intending to abandon farming regardless of age, indicating that this intention is not conducive to improving agricultural production. However, the influence of this negative effect requires further analysis. Although older farmers have higher input than the young farmers do, they also have higher output than young farmers. Thus, we cannot conclude from this statistical data how the aging agricultural population will affect the use of agricultural land.
Simply examining the descriptive statistics is not sufficiently comprehensive. However, the descriptive statistics appear to support our analytical framework.
From the general description of the above simple analysis, we cannot accurately separate the impacts of farmer preferences. Therefore, we used an econometric model to analyze the above conclusions more fully.
Econometric Analysis
3.3.1. Model Selection. In this paper, an extended production function is used to study the problems associated with the aging of the agriculture labor force. The model is built on the C-D production function, but its form is altered for more flexibility. The basic form of the model is as follows:
where represents the operating income of farmers, represents farmers' factor input, and indicates individual farmers. and represent input element number. We modified the basic equation (1) with the introduction of relevant variables. In this way, we obtained the model shown in ln = + 1 ln + 2 ln + 3 ln + 4 ln 
where represents the constant term, indicates land investment, represents labor input, represents the seed investment, represents fertilizer input, represents pesticide input, represents the type of farmers ( refers to ONA farmers and refers to YA farmers), represents age, represents education level, indicates the degree of land fragmentation represented by the number of blocks, indicates whether the land is transferred (1 indicates transfer and 0 indicates no transfer), indicates whether they intend to give up land management (1 signifies yes and 0 signifies no), and the other symbols are the same as above.
Model Estimation Results.
The investigation was related to farmers in agricultural production data into (2); derived model estimation results are shown in Table 3 .
The -squared of the model was 0.634456. The ONA farmers, labor input, seed investment, land investment, farmers age, education level of farmers, land fragmentation degree, Note: the symbols * * * , * * , and * , respectively, indicate 1%, 5%, and 10% confidence levels via significant testing, Log-likelihood = −1031.225.
fertilizer input secondary effect, secondary effects of land investment, secondary effects of seed investment, and land and fertilizer interaction, as well as interaction of land and seeds show a significant impact on agricultural production. The impacts of other factors on agricultural output were not significant. The regression coefficient for the age of individual farmers is −0.288300 and is significant at the 10% confidence level. This indicates that older farmers negatively affected agricultural. Increased age is not conducive to improving agricultural output. The additional input and experience of the older farmers are not enough to compensate for the adverse effect of their age. In addition, elderly farmers appear to resist new technologies in agricultural production. When asked whether they make use of machinery, young farmers (84.331%) answered that they mainly used machinery at a higher rate than older farmers (77.566%). The regression coefficient of "intention to abandon land management" variable was −0.090977, indicating that this intention has 6 Mathematical Problems in Engineering a negative effect on agricultural output. We can imagine that, sometime in the future, those who intend to give up farming will reduce spending on agriculture. The data in Table 2 also show that farmers who intended to abandon the profession had lower investment in seed, fertilizer, and pesticides input. Objectively speaking, we can presume that both those who intend to abandon farming and older farmers who do not intend to abandon farming will gradually withdraw from active or passive agricultural production. Although YNA farmers make up 41.47% of the total, nearly 58.53% of the agricultural producers will likely exit agricultural production in the near future. On the one hand, YNA farmers may take the initiative to seek another income. On the other hand, older farmers are faced with the situation of retirement regardless of intentions. Thus, although our analysis indicates that this effect is not significant at present, the problem of agricultural production successors still requires attention. However, older farmers who do not intend to abandon the profession significantly improve agricultural output at the 10% level. We conjecture that this is because of their greater experience and higher levels of investment in factor input. Young people who intend to abandon farming do not help improve agricultural output, but this effect is not significant.
We also found that labor, seed, and land investment have a significant impact on agricultural output. In addition, a higher educational level and reducing the degree of fragmentation of land are conducive to improving agricultural productivity. The secondary effects of fertilizer input, the secondary effects of land investment, and the secondary effects of seed investment, land, and fertilizer interaction, as well as the interaction of land and seeds also show a significant impact on agricultural output, which indicates that a reasonable mix of factor input can increase agricultural output.
Conclusions and Discussion
These results show that in the context of an aging agricultural labor force, changes in the working-age households have a significant impact on agricultural output. Concern is needed for such adverse effects. Although the influence of intention to abandon land management was not significant, we cannot ignore this effect because changes in the composition of the working-age households suggest that 58.53 percent of the agricultural producers will likely exit agricultural production. This represents a potential threat to the future development of agriculture. We also found that the elderly who do not intend to abandon the farmers compared to other farmers more conducive to agricultural output, indicating that the adverse effects of changes in the agricultural population age more agricultural output from older farmers intend to give up, and this negative impact can be reduced by an additional investment in other elements.
The aging agricultural labor force trend has become widely accepted. To reduce the adverse impact on agricultural output caused by aging in the context of food security is the current problem we are facing. We believe policy proposal should start with the following considerations.
First, increase the intensity of various forms of training to nurture professional farmers. In the next few years, the trend of urbanization will transfer more young people from rural areas and exacerbate the aging problem. Various training should be conducted to improve scientific and technological level as well as cultural attitudes. This training should equip them with more modern agricultural production skills to make up for the problems caused by aging.
Secondly, develop different policies to increase agricultural production levels for different types of farmers. For example, farmers intending to abandon the profession should be encouraged to carry out the land transfer and split the land contract and management rights, thus promoting largescale production agriculture. We should help young people who do not intend to abandon the farming to improve their skills, increase financial support, expand operation scale, and ultimately modernize and industrialize agricultural production.
